The present work is focused on the crystal structure, vibrational spectroscopy and DFT calculations of hydrogen bonded 2,3-pyrazinedicorboxylic acid and 2-amino-4-hydroxy-6-methylpyrimidine (PDCA À .AHMP þ ) crystal. The crystal structure has been determined using single crystal X-ray diffraction analysis which shows that the crystal belongs to monoclinic space group P2 1 /n. The PDCA À .AHMP properties of the complex were explored by the experimental as well as theoretical electronic spectra simulated using TD-DFT/IEF-PCM method at B3LYP/6-311þþG (d,p) level of theory. In addition, frontier molecular orbitals, molecular electrostatic potential map (MEP) and nonlinear optical (NLO) properties using DFT method have been also presented.
Introduction
The crystal engineering has been employed to understand the intermolecular interactions in the crystal packing and in designing the new yield multicomponent crystals with better physical and chemical properties [1, 2] . The intermolecular hydrogen bonding is one of most efficient fundamental interaction, play a key role in the crystallization of the multicomponent crystals that causes link of active pharmaceutical ingredient (API) and coformer molecules forming building block unit known as supramolecular synthons [3, 4] . Multi-component crystals composed of two or more components of organic molecules in the crystal lattice are incarcerated together by the weak interactions. The cocrystal is a neutral chemical compound in which proton transfer does not occur, whereas the organic salt formation takes place due to complete proton swapping within a complex between API and coformers [5] . In the organic salt, one of the molecules is an API, while the other is the guest compound referred as coformer. It has attracted incredible interest in the field of pharmaceutical industries, nonlinear optics and luminescent materials of improved physiochemical properties [6, 7] . There is potential amelioration in the physicochemical properties like the solubility, dissolution rate, bioavailability, chemical stability, compressibility and hygroscopicity without altering the pharmacological behavior [8e10] .
Pyrimidine and its derivatives are the most important nitrogencontaining heterocyclic compounds which have shown phenomenal pharmacological activity and used as anticancer, antiviral, anti-inflammatory, anti-HIV, antitumor and antibacterial agents [11e14] . Additionally, the pyrazine and its derivatives form a class of compounds that are used in pharmaceutical and flavoring industries [15e17] . The infrared absorption spectroscopy is a promishing tool to investigate the nature and formation of organic salt or cocrystal by identifying the existence of proton transfer or strong intermolecular hydrogen bond interactions which are taking place between the molecules and the associated environment [18e20] . A series of seventeen crystals of pyrimidine derivatives with various carboxylic acids have been reported earlier [21] . Experimental vibrational spectroscopy studies of many cocrystals and salts [22e26] and quantum chemical calculations of pharmaceutical cocrystals have been reported [27e29] . To the best of our knowledge, crystal structure, vibrational and electronic spectra and DFT calculations of PDCA À .AHMP þ have not been reported so far.
The present studies deal with strong intermolecular hydrogen bonded PDCA À .AHMP þ organic salt crystallized between the AHMP and PDCA. It is characterized by single crystal X-ray diffraction (SCXRD) analysis for investigating structural properties. The pK a value of API and coformer can be used to distinguish the organic salt or cocrystal formation and its difference, DpK a >3.0 suggest organic salt formation [5] . The DpK a value for PDCA À .AHMP þ between PDCA and AHMP is approximated to 8.37 which support the salt formation. Various spectroscopic (FTIR, FT-Raman FT-NMR and UVeVis) techniques and quantum chemical calculations have been used for the studies. The molecular Hirshfeld surface analysis has been performed for investigating the intermolecular interactions in the crystal structure.
Experimental and computational details

Preparation of sample
The 2-amino-4-hydroxy-6-methylpyrimidine and 2,3-pyrazinedicarboxylic acid compounds in the solid state with !98.0% purity were obtained from Sigma-Aldrich Chemical Co., USA and Merck Chemical Co., respectively and used as such for the experiments. The single crystal of the 2-amino-4-hydroxy-6-methylpyrimidine and 2,3-pyrazinedicorboxylic acid (PDCA À .AHMP þ ) was grown by using slow evaporation technique. The equimolar amount (1:1) of AHMP (37.5 mg, 3 mmol) and PDCA (63 mg, 3 mmol) were dissolved in 20 mL ethanol solvent and continuously stirred for 2 h at 40 C on magnetic stirrer. The pictorial representation of reaction is shown in Scheme 1. The resultant supersaturated transparent solution was filtered using Whatman paper and kept in dust free atmosphere at room temperature. After three weak, a translucent white single crystal was obtained.
Single crystal X-ray diffraction analysis
X-ray diffraction data of the PDCA À .AHMP þ crystal was taken at room temperature using a Bruker APEX-II, CCD diffractometer (Mo Ka,l ¼ 0.71073 Å). Data reduction and cell refinement were performed using SAINT [30] . The crystal structure was solved by a direct method using SHELXS-97 [31] and the refinement was done by the full matrix least square fitting of data with SHELXL-97 [32] . All H atoms were placed at idealized positions and refined at 0.98 Å(CH), 0.96
Hydroxyl H atoms were positioned and refined using HFIX 147 with SHELXL. Examination of the structure with PLATON [33, 34] showed that there were no solvent-accessible voids in the crystal lattice. The molecular pictorial representation of crystal was presented using Mercury [35] and Olex-2 program [36] .
Spectroscopy measurements
FTIR spectral measurements of AHMP, PDCA and their PDCA À .AHMP þ crystal were performed in the region 4000e400 cm À1 with spectral resolution of 2 cm À1 at room temperature using FTIR spectrometer (Tensor 37). FT-Raman spectra were acquired at room temperature in the range of 4000e50 cm À1 at 2 cm À1 spectral resolution on Bruker RFS-27 spectrometer using 1064 nm line of Nd:YAG laser as excitation source and laser power was set at 100 mW. The electronic spectra were collected over the range of 600e200 nm in the ethanol solvent on the Lambda-950 UVeViseNIR spectrophotometer (Perkin Elmer). The 13 C and 1 H NMR spectra were measured at room temperature using Advance II (Bruker), 400 MHz FT-NMR spectrometer in DMSO solvent with TMS as an internal standard reference.
Computational details
Gaussian 09 software package [37] was used to perform all quantum chemical calculations. The initial structure of an asymmetric unit of PDCA À .AHMP þ (monomer as well as its dimer) was taken from crystallographic information file. Hybrid functional, Becke three parameters exchange functional combined with the Lee-Yang-Par (LYP) correlation functional, was employed in quantum chemical calculations [38, 39] . In the present case, the B3LYP functional was also used with dispersion and damping corrections. The dispersion corrected functional B3LYP-D3, where Grimme's D3 correction is employed for long range dispersion interactions, is normally preferred for the compound having inter or intramolecular interactions [40] . The DFT-D3 (B3LYP-D3) has accounted 
Hirshfeld surface calculations
Hirshfeld surfaces analysis is employed for the better understanding of crystallographic force driving the molecular arrangement and packing nature of the molecule in their crystal structure [44, 45] . Hirshfeld surface provides a 3D picture for close contact in the crystal and the contribution of these contacts are represented by 2D fingerprint plots [46] . The molecular Hirshfeld surface calculations of the PDCA À .AHMP þ crystal were performed with Crystal Explorer 3.1 software [47] . The molecular Hirshfeld surface is emerged by space partitioning in the crystal system on the basis of the electron density into molecular fragment [48] . Fig. 1a . Two carboxylic acid groups of PDCA molecule are attached to ortho position and these are involved in the hydrogen bond formation (Fig. 2b) . Another reactant, AHMP molecule, exhibits enol to keto tautomerism in the crystal formation, in that, the hydroxide OH proton moves to one of the nitrogen (labelled as 24 N in Fig. 1a) Table 2 .
Optimized molecular structure
The geometry of the asymmetric unit of PDCA À .AHMP þ (monomer) was optimized using B3LYP/6-311þþG(d,p), B3LYP-D3/ 6-311þþG(d,p) and B3LYP-D3BJ/6-311þþG(d,p) levels of the theory under tight convergent criteria. Its dimer (2PDCA
was also optimized at B3LYP/6-311þþG(d,p) and B3LYP-D3/6-311þþG(d,p) levels of theory. All optimized structural parameters such as bond lengths and bond angles along with XRD data for monomer are presented in Table 3 , while its optimized geometry with the labelling of atoms is depicted in Fig. 1b . The optimized structure of the dimeric complex with the numbering scheme is shown in Fig. S1 (Supplementary Material). The evaluated minimum energies of monomeric complex are found to be À675230.3939, À675250.0239 and À675271.7206 kcal/mol at B3LYP, B3LYP-D3 and B3LYP-D3BJ levels respectively. The low values of root mean square (RMS) and mean absolute deviation (MAD) errors have been found for bond length (~0.1 Å) and bond angle (~1 ) which show the excellent agreement between theoretical and experimental XRD data. It has been also noticed that the statistical errors obtained for structural parameters at B3LYP-D3BJ level are relatively low in comparison to those obtained at B3LYP-D3 and B3LYP levels. However, the bond angles, C6eC7eO8, C6eC7eO9, HeCeH and HeNeH are found with deviation of around 3 from the observed data. The compounds having COOH group normally occur in dimeric form. Present complex,
, is found in dimeric form in crystal through COOH group. The bond angles CeCeO, CeC]O and O]CeO (COOH group) in the dimeric structure (Fig. S1 , Table S1 ) of asymmetric unit are found close to the XRD data in comparison to those obtained for its monomeric form. The large deviations obtained for bond angles, HeCeH and HeNeH may be due to fact that the hydrogen atoms cannot be accurately obtained with X-rays; instead, neutron diffraction is required. The molecular structure of asymmetric unit of PDCA À .AHMP þ system, obtained from XRD and DFT/B3LYP calculations, has been overlaid and it is shown in Fig. 3 and RMS value is found to be 0.3428 Å. From Table 3 , the low values of RMS and MAD show the harmony between computed structure parameters and corresponding experimental data. Further inconsistency is may be due to fact that the theoretical calculations have been performed on asymmetric unit of the molecule (monomer or dimer) in vacuum, while XRD data has been acquired for crystal of 
Hirshfeld surface analysis
Hirshfeld surface analysis has been used to study all type of intermolecular forces and non-covalent interactions present in the PDCA À .AHMP þ crystal structure. The d norm surface, mapped over a range of À0.716 to 1.58 Å of molecules in asymmetric unit of the crystal structure, has been depicted in Fig 
Vibrational spectroscopic study
The synthesized crystal was analyzed using vibrational spectroscopy to inspect the existence of various intermolecular hydrogen bonds and proton transfer in the crystal. The FTIR and FTeRaman spectra of PDCA À .AHMP þ crystal along with starting material were presented graphically in Fig. 6a and Fig. 6b . The significant difference of IR spectra due to presence of new characteristics bands in the fingerprint region should be noted to confirm the formation of crystal product. The FTIR spectrum of crystal has shown the changes in frequencies of the functional group such as COOH and NH 2 forming hydrogen bonds in the crystal (Table S2) . In order to get better interpretation of the experimental vibrational spectra of PDCA À .AHMP þ crystal, the harmonic force field calculations of the asymmetric unit of crystal were performed at B3LYP, B3LYP-D3 and B3LYP-D3BJ levels of theory with 6e311þþG(d,p) basis set. The harmonic frequencies calculations were also carried out for the asymmetric unit in dimeric form. The present complex compound (C1 point group symmetry) consists of 32 atoms, therefore, its exhibits 90 (3Ne6) normal mode of vibrations. All these fundamental modes of vibration are active in IR and Raman spectra. The simulated and observed IR and Raman spectra with Lorentzian line shape at FWHM of 6 cm À1 have been presented in Fig. 7a and Fig. 7b . The FTIR spectrum has been also compared with the theoretical spectra obtained from dimeric form of complex ( Fig. S2 in Supplementary Material). In general, the estimated vibrational frequencies at harmonic level systematically overestimate the observed values mainly due to neglect of anharmonicity in the molecular vibrations. Therefore, uniform scaling factor of (0.9679) is applied to correct the harmonic frequencies and it provides remarkable agreement with experimental vibrational signature [51] . The experimental and theoretical vibrational frequencies along with intensities and their assignments (PED contribution >10%) are tabulated ( Table 4 ). The calculated frequencies are found more close to the experiment after scaling. The statistical deviations (RMS and MAD) have revealed that the vibrational frequencies at B3LYP-D3BJ/6-311þþG (d,p) level show slightly better correlation than those obtained at B3LYP and B3LYP-D3 levels. Presently, the vibrational frequencies of the functional group of the PDCA À .AHMP þ have been discussed to encounter the changes after the crystal formation (Table S1 ). In general, carboxylic acids form dimers in nature due to the presence of strong intermolecular hydrogen bondings (Fig. S1 ). Their FTIR spectra have normally a strong and broadband due to OeH and C]O stretching vibrations respectively [52] . In the present vibrational spectra, the carboxylic acid is specified mainly by bands due to OH and C]O group vibrations.
OH vibrations
The PDCA À .AHMP þ monomer consists two carboxylic acid Table 2 Hydrogen bonding parameters of the PDCA (1) e X, 2 e Y, e Z; (2) 2 e X, e ½ þY, ½ e Z; (3) 1 e X, 1 e Y, e Z. groups attached to PDCA fragment which form two possible hetro and homomeric hydrogen bonds, NeH/ O and OeH/ O to adjacent compound in crystal (Fig. 2b) . The OeH stretching vibration is highly sensitive to the environment and it evidences large frequency shift in vibrational spectra of hydrogen bonded system. Generally, stretching vibration of the unassociated hydroxyl group strongly absorbs the IR radiation in the region 3670À3580 cm À1 , while in the presence of intermolecular interactions, the OH stretching vibrational frequency shifts to the lower region 3300e2500 cm À1 [52] . This region also overlaps with the region of NeH stretching vibrations. The bands appeared at 3153 cm À1 in the FTIR and at 3147 cm À1 in the FT-Raman spectrum of the studied crystal are assigned to OH stretching vibrations. It is noticed that OH stretching band is shifted toward the lower region as compared to PDCA (3265 cm À1 ) in FTIR spectrum [53] . This red shift of OH stretching frequency reflects that hydroxyl group is involved in intermolecular interactions with neighbouring COOH group in the PDCA À .AHMP þ , which is also confirmed by SCXRD [54] . The computed frequencies of OH stretching mode, 3633, 3612 and 3636 cm
À1
(at different levels) with 100% PED for asymmetric unit (monomer) of crystal, show significantly high value than the observed one because these wavenumbers correspond to free OeH stretching in the calculation of monomer of asymmetric unit. The OeH harmonic stretching frequency 3092/3072 cm À1 at B3LYP-D3
for dimeric form of asymmetric unit of PDCA À .AHMP þ is found close to experimental ones. The OeH out-of-plane deformation gives a broadband in the region 970e875 cm À1 for carboxylic acids and in the region 710e570 cm À1 for alcohols [52] . The wavenumber of this vibration in dimers (of carboxylic acids) increases in value due to hydrogen bonding effect through the carboxyl group [55, 56] . In the present case, the modes with 40% and 47% PED contribution of OH out of plane bending vibration are specified at 578 and 
cm
À1
, respectively. In the monomer of asymmetric unit, the OH in COOH group is free from hydrogen bonding effect (Fig. 1b) . In the dimer of asymmetric unit (Fig. S1 ), the hydrogen bonded OeH out of plane deformation with mixing of other vibrations is estimated at 965/924 cm À1 (B3LYPeD3 level). The large values of frequencies for deformation bands of OH in complex indicate that these blue shifts are due to the existence of intermolecular interactions in the crystal.
COO À and C]O vibrations
Generally, the IR characteristic band due stretching vibration of carbonyl group appears with strong intensity in 1850e1550 cm À1 region of the IR spectrum, which is sensitive to the environment and shifts toward lower wavenumber due to hydrogen bonding [57] . The intense bands due to C]O stretching vibrations are identified at 1754 and 1716 cm À1 in the FTIR spectrum of PDCA [53] . , respectively. The OCOC out-of-plane deformation has shown its presence at 756 cm À1 in IR spectrum and is very close to the predicted value, 755 cm À1 (B3LYP-D3).
NH 2 and NH þ vibrations
In the primary amine, the stretching vibrations of NH 2 group occur in high frequencies region 3550e3330 cm
À1
, whereas the positions of frequencies of NH stretching band shift in the lower region due to hydrogen bond formation [52, 59] . The complex PDCA À .AHMP þ has NH 2 and NH and NH þ while in AHMP, there is one NH 2 . In solid phase, the NH þ stretching vibration usually appears at 2700e2250 cm À1 with broad absorption of medium intensity [52] . In complex, the enole to keto tautomerization in AHMP ring and the proton transfer have taken place from PDCA to AHMP. XRD data revealed that NH 2, NH and NH þ groups are participating in hydrogen bond formation. Their vibrational frequencies are shifted due to intermolecular hydrogen bonds. NH stretching 
CH 3 and CH vibrations
Normally, CeH stretching vibrations show their characteristic IR bands in the region 3000e2800 cm
À1
, while in-plane and out-ofplane CeH deformation appear in the range 1600e1000 cm À1 and 1000À700 cm À1 , respectively [57] . In the present study, the CH 3 and CH group are not involved in the intermolecular hydrogen bond formation; hence their vibrational frequencies are unperturbed. The band due to aromatic CH stretching vibration in the present crystal is observed at 3070 and 3067 cm À1 in the FTIR and FT-Raman spectra respectively. The calculated frequency of the vibration is around 3068 cm À1 (100%PED) using the B3LYP method.
The vibrational frequencies of the CH 3 group are not considerably affected because it does not take part in the crystal formation. The asymmetric and symmetric CeH stretching modes of the methyl group are calculated at 3039 (92% PED) and 2993 cm À1 (100% PED) respectively using B3LYP, which are comparable with the experimentally observed values at 2996/3010 cm À1 and 2931/2924 cm
in the FTIR and FT-Raman spectra. The CH 3 symmetric deformation 
Ring moiety vibrations
The assignments of vibrational bands due to ring vibrations of PDCA À .AHMP þ are not a simple task because CeC, CeN, C]C vibrations are strongly coupled with other in-plane bending modes and these vibrations normally appear with mixing to other vibrations. The C]C stretching is observed at 1553 and 1554 cm À1 in the present FTIR and FT-Raman spectra respectively. The corresponding calculated frequencies are found close to experiment and reported data [61, 62] . An intense band for C]N stretching mode is observed at 1165 cm À1 in both FTIR and Raman spectra. This is found in good agreement with estimated frequency (with 80% PED). The Star David vibration (contraction of the ring at triangle formed by ring atoms, C2, N1, and C14 and expansion of ring at triangle formed by ring atoms, C6, N11 and C12 and vice versa) is allocated to 1059/ 1062 cm À1 in FTIR and FT-Raman spectra respectively. The corresponding calculated frequency is close to experimental values for complex and to FTIR frequency for PDCA molecule reported elsewhere [53] .
13 C and 1 H NMR spectra
The NMR is the versatile technique that provides information on the molecular structure as a fingerprint and identification of the non-equivalency of hydrogen and carbon atoms being affected by intermolecular interaction in the crystal [63] . The observed 1 H and 13 C NMR spectra of PDCA À .AHMP þ crystal are depicted in Fig. 8 while the simulated NMR spectra at GIAO-B3LYP/6-311þþG (d,p) level are shown in Fig. 9 . The full assignment of the observed chemical shifts of carboxylic carbon atoms are predicted at 176.17 (C3) and 175.17 (C7) ppm. This is because carbonyl carbon atoms are connected to more electronegative oxygen atom that withdraws the electron from the carbon atom [64] . The signals due to carbon atoms (C]N, C]CeN) of ring were found at 162.79 and 154.97 ppm which correspond to C26 and C20 of pyrimidine moiety respectively. The signal of the same carbon atoms in the AHMP is appeared at 155.41 ppm (Fig. S4) . The lowest values of 13 C NMR signal at 22.59 ppm (observed) and 19.44 ppm (B3LYP) are associated to methyl carbon (C27). This signal is appeared at lowest ppm value due to addition of electron density to C27 which is shielded. The methyl carbon signal of the PDCA À .AHMP þ complex is closer to the corresponding carbon signal (23.26 ppm) in AHMP compound. The observed signals of other aromatic carbon atoms are assigned in the region 100e150 ppm (Table 5) . Generally, the aromatic proton peaks appear in 6e9 ppm range in 1 H NMR [65] . In case of pyrazine molecule, aromatic proton peak is assigned at 8.59 ppm [66] . The neighbouring environment of the H13 and H15 atoms are same, therefore these hydrogens are giving single peak observed at 8.83 ppm in PDCA À .AHMP þ crystal, whereas, the signal Abbreviations: Har-harmonic wavenumbers, Scaled-scaled harmonic wavenumber, A-IR intensity(km/mol), R-Raman intensity (arb. unit), n-stretching, n as -asymmetric stretching, n s esymmetric stretching, d-in-plane bending motion, t-torsional motion, g -out-plane deformation, u-wagging, r-rocking, b-in-plane scissor vibration, t-twisting, tRr-butterfly motion, umb-umbrella motion, vw-very weak, s-strong, m-medium strong, vs-very strong. of the corresponding hydrogens has been identified at 8.7 ppm in PDCA molecule [17] . 
Electronic properties
The experimental UVeVis absorption spectra of AHMP, PDCA and PDCA À .AHMP þ crystal in the ethanol solvent are presented in Fig. 10a . The maximum absorption is observed at 271 nm due to the electronic p/p* transition in PDCA
It is appeared at lower wavelength than those in AHMP (284 nm) and at little higher wavelength than that in PDCA (268 nm). These shifts may be attributed to weak interactions such as intermolecular bondings between PDCA and AHMP [70] . The electronic spectral study was performed using time-dependent density functional theory (TD-DFT) integrated with IEF-PCM at B3LYP/6-311þþG(d,p) level on the molecular structure of asymmetric unit of PDCA
The simulated UVeVis spectrum of the molecular structure has been compared with observed one (Fig. 10b) , which are well correlated with each other. Furthermore, various electronic absorption properties such as oscillator strengths, excitation energies, and maximum absorption wavelengths along with assignments of electronic transitions have been depicted in Table 6 . The simulated maximum absorption wavelength at 249 nm (f ¼ 0.4121, E ¼ 4.97eV), which corresponds to the experimental band at 271 nm, is assigned to H/Lþ1 electronic transition. The optical energy gap was calculated with the help of absorption spectrum and absorption coefficient (a) using Tauc relation [71] .
ðahyÞ ¼ Aðhy À EgÞ 
Other novel properties
The energies of highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) have played crucial role in understanding about chemical reactivity, stability and charge transfer within the molecule [72, 73] . The pictorial representation of HOMO and LUMO with their energy separation for isolated PDCA À .AHMP þ are shown in Fig. 11 . It is observed that the HOMO is mainly confined over the PDCA with an extension on the NH group. LUMO orbital is largely localized on the PDCA The novel organic materials with delocalized p-electrons have specific properties such as high charge mobility, nonlinear response and the optical threshold for laser power, which make them promising materials for electronics and optoelectronic devices [74] . The second order polarizability and first order hyperpolarizability of isolated PDCA À .AHMP þ system and starting material were calculated using B3LYP/6-311þþG(d,p) framework. The x, y and z component of polarizability and hyperpolarizability were used to estimate mean polarizability (a o ), the anisotropy of polarizability (Da) and mean first hyperpolarizability (b o ) by using equations [75] . [76] . The higher value of hyperpolarizability PDCA À .AHMP þ crystal reflects its high nonlinear effect. Molecular electrostatic potential (MEP) surface mapping is helpful to interpret interactions in hydrogen bonded system of several ingredients and it is correlated with other molecular properties such as partial charge, dipole moment, electronegativity and chemical reactivity [77] . The 3D picture of MEP surface is presented with a color range from À9.228ee2 to 9.228ee2 in Fig. 12 . The potential increases on MEPS in the order, Abbreviations: E-excitation energy, f-oscillator strength, H-HOMO, l-LUMO. Fig. 11 . Frontier molecular orbital plot for PDCA À .AHMP þ . red < orange < yellow < green < blue. It can be seen that the most electronegative potential region is localized on the C]O of AHMP, while the territory having the positive potential is spread over H10, H32 and H28. The large positive potential surfaces (blue) around the H23 and H19 are possible sites for nucleophilic attack and negative surfaces (red) are reactive sites for electrophilic attack.
Conclusions
The crystal structure of PDCA À .AHMP þ salt was characterized by SCXRD analysis. The crystal belongs to a monoclinic system with space group P2 1 /n. Further, SCXRD has confirmed the proton transfer from (PDCA) to keto tautomer (AHMP) leading to heteromeric interactions through N4eH4c/O2 (2) and N5eH5b/O1 (1) and other PDCA molecule are linked by O4eH4a/O3 (1) homomeric intermolecular interaction. The structural investigations were carried out using FT-NMR, FTIR and FT-Raman combined with DFT methods. The low values of RMS and MAD show that the optimized structural parameters at B3LYP-D3BJ level are more close to XRD data. 
